Several enzymes involved in polyamine biosynthesis namely ornithine, arginine and S-adenosylmethionine decarboxylase as well as spermidine synthase, were analyzed in partially purified wheat extracts. For all enzymes effective inhibitors were found. Among them the most interesting was l-aminooxy-3-aminopropane, which inhibited all three decarboxylases. Classical polyamine biosynthesis inhibitors like difluoromethylornithine, difluoromethylarginine. methyl glyoxal bis-(guanylhydrazone) and cyclohexylamine were also inhibitory on plant enzymes.
Introduction
P olyam ines are w idely distributed in both anim als and plants. T h ere is evidence to support the involve m ent of polyam ines in grow th and developm ent [1 , 2] . A fter several decades of intensive basic research, th e m etabolism of polyam ines has apparently b e com e a m eaningful ta rg e t for therapy in certain bran ch es o f clinical m edicine [3] , In plants polyam ine biosynthesis results from the activity of several en zym es: o rn ith in e decarboxylase (the only putrescineform ing enzym e in anim als), arginine decarboxylase, and in som e species citrulline decarboxylase for putrescine synthesis; S -adenosylm ethionine decarboxyl ase, sp erm idine synthase and sperm ine synthase for sperm idine and sperm ine synthesis. In assays of o r nithine and arginine decarboxylase decarboxylations not due to these enzym es w ere observed in plant extracts [4, 5] . S -A denosyl-L -m ethionine seem s to be labile in extracts [6 -8 ] . M any com pounds were Verlag der Zeitschrift für N aturforschung, D-7400 Tübingen 0341 -0382/89/0100 -0049 $01.30/0 synthesized for th e inhibition of bacterial an d anim al enzym es [2 ] , but only a few w ere screened fo r the inhibition of plan t enzym es. In the p rese n t study enzym e assays w ere analyzed and used in testing num erous inhibitors m en tio n ed in the literatu re . The aim was to find p o te n t inhibitors of plant enzym es. It is not p lanned to ob tain exact inhibitor co n stan ts, it is rath e r in ten d ed to use effective inhibitors in future exp erim en ts to elucidate the im portance of poly am ines in plants.
Experimental

Preparation o f en zym es
Seeds of Triticum vulgare L. cv. P ro b u s germ i n ated in flats in verm iculite on a w indow sill with so u th ern exposure at 22 °C. First leaves w ere sam pled 5 days after g erm ination. T hirty g of whole shoots w ere w ashed, dried w ith ab so rb en t p ap e r, fro zen in liquid n itrogen and hom ogenized in a m ixer at m axim um speed for 30 seconds w ithout adding a buf fer. T he h o m o g en ate was suspended in 12 ml 0.1 mM E D T A , 0.1 mM pyridoxal p h o sp h ate, 10 mM dithioth reito l and 200 mM sodium phosphate b u ffer pH 8.0 (b u ffer A ) and centrifuged at 20,000 x g at 4 °C for 20 m in. T o rem ove all small particles th e su p ern atan t was passed over a nylon filter (52 jam). P ro tein was collected by an am m onium sulfate p recipitation (70% sa tu ra tio n ) and a centrifugation (20,000 x g at 4 °C for 10 m in). The pellet was resuspended in 3 ml 0.05 mM E D T A , 0.05 mM pyridoxal p h o sp h ate, 2 mM dith io th reito l and 100 mM sodium phosphate buffer pH 8.0 (buffer B). The solution was desalted over a S ephadex G 25M colum n (PD -10, P harm acia, U p p sala, S w eden). T he colum n was p reconditioned with 25 ml of buffer B, 2.5 ml of the enzym e solution w ere applied, th e first fraction of 3.2 ml of the eluate was discarded and the next fraction of 3.5 ml was used for enzym e assays (5 -7 g fresh w eight per ml, 10-15 mg p ro tein per ml). P ortions of 0.6 ml w ere frozen at -20 °C; these aliquots w ere stable for at least 70 days w ithout loss of activity. 
A ssays fo r en zym es
Results and Discussion
In a first step enzym e assays w ere o ptim ized and characterized. (Table I) . O D C was m easured by two methods: the standard 1 4C O r based assay and the dem onstration of the labelled product putrescine. The total ,4 CO? produced was 30% higher than that due to O D C activities calculated from labelled pu trescine found by thin layer chromatography in the incubation mixture. The 1 4C 0 2 release not related to O D C activity was considerably lower than that found in other plant species [4, 5] . In both methods the O D C was inhibited by the specific suicide inhibitor DFM O. Most probably the difference in yield be tween the two assay m ethods did not originate from oxidative degradation of labelled putrescine, because amino-guanidine (0.2 mM), an inhibitor of this degra dation, did not increase the production of putrescine from 5-[14C]-D,L-ornithine (results not shown). ADC and SAM DC could be inhibited by specific inhibitors well known from the literature: DFM A reduced A D C activity drastically (Table II) ; M G BG inhibited SAM DC (Table III) . Labelled sperm idine, the prod uct of spermidine synthase could be detected on thinlayer plates (Table I) ; the substrate for this enzyme, S-adenosyl-homocysteamine, was generated in the same reaction mixture by SAMDC. Many inhibitors described in the literature were tested in our plant extract system. From the ODC (Table IV) l-aminooxy-3-aminopropane was the most active. A concentration of 0.06 | j.m still inhibited OD C activity by 50%. This compound was also rather inhibitory to A D C and SAM DC, thus allowing the control of all enzymes leading to putrescine and spermidine. O ther good The only potent A D C inhibitor was DFM A which reduced enzyme activity to 50% at a concentration of 0.01 mM (Table II) . Aminooxyam inopropane was less active. Evernic acid, L-canavanine and NSD 1055 were only marginally active. DFM O did not inhibit A D C , indicating that A D C was m easured and not O DC. Primary conversion of 14 C-labelled ar ginine to ornithine and subsequent 14 C 0 2 release can thus be excluded.
SAM DC was strongly inhibited by M GBG at 0.1 mM and by aminooxyam inopropane at 1 mM (Table III) . Berenil and atabrine were only marginal ly active at 1 mM.
From the inhibitors tested on spermidine synthase (Table V) cyclohexylamine and aminopropylcadaverine showed good activities at 1 mM. A m inooxyam inopropane most probably inhibited 
Inhibitor
Concen tration [mM] Activity in % as compared to control
Control - The limited data obtained and the extent of en zyme purification does not enable the inhibitor con stants to be calculated exactly or the type of inhibi tion to be established, nevertheless approxim ate / 5 0 -values are given (Tables II -IV) . It is clear that sev eral compounds described to be inhibitors of animal and bacterial enzymes involved in polyamide biosyn thesis showed also effects on plant enzymes. Stand ard inhibitors such as DFM O , DFM A, M GBG and cyclohexylamine were especially effective. However, many other compounds described in the literature did not show activity. They could be inactive on plant enzymes. It is interesting to note that a rem arkable differ ence in the amount of A D C and O D C existed in wheat (Table I) . In wheat A D C seems to be more important for the production of putrescine at least in this stage of development. O ther authors observed differences in the am ount of O DC and A D C in other plants also [4, 5] . An influence of polyamine synthe sis inhibitors on polyamine levels is more likely to come from ADC inhibitors. A second generation of ADC inhibitors was recently described [13] . They should be of great value for the study of the role of polyamines in plant physiology.
The effective inhibitors of enzymes involved in polyamine biosynthesis will be used to study further the importance of polyamines in plants. It is of spe cial interest, whether a depletion of polyamines in plants leads to similar growth retarding effects as in bacteria or mammalian cells.
